12 United States Patent

US008287432B2

(10) Patent No.: US 8.287.432 B2

Nedachi et al. 45) Date of Patent: Oct. 16, 2012
(54) CLUTCH CONTROL SYSTEM FOR (56) References Cited
TRANSMISSION
U.S. PATENT DOCUMENTS
(75) Inventors: YOShiaki Nedachi, Sai_tama (JP); 6,090,008 A * 7/2000 Hoshiyaetal. ............... 477/180
Yoshiaki Tsukada, Saitama (JP); 7,487,864 B2* 2/2009 Kohlhaas et al. ....... 192/48.601
Takashi Ozeki, Saitama (JP); Hiroyuki 2003/0045988 Al  3/2003 Suzuki et al.
Kojima, Saitama (JP); Kazuyuki 2008/0128239 Al* 6/2008 Ogasawara .............. 192/85 R
Fukaya, Saitama (JP) 2008/0182722 Al1* 7/2008 Colvinetal. ............... 477/180
_ FOREIGN PATENT DOCUMENTS
(73) Assignee: Honda Motor Co., Litd., Tokyo (IP) Ep 0300501 Al  4/1080
( *) Notice: Subject to any disclaimer, the term of this iP _ 20()?_141045 A 52001
patent 1s extended or adjusted under 35 cited by examiner
U.S.C. 154(b) by 1022 days. _ _ _
Primary Examiner — Justin Holmes
(21) Appl. No.: 12/260,739 Assistant Examiner — Jacob S Scott
(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
(22) Filed: Oct. 29, 2008 Birch, LLP
(65) Prior Publication Data (57) ABSTRACT
US 2009/0131218 Al May 21, 2009 A clutch control system for a twin-clutch type automatic/
_ o o manual transmission AMT includes a hydraulic pump for
(30) Foreign Application Priority Data driving a first clutch and a second clutch and oil passages for
Nov. 21,2007 (JP) cooeoecoceeeeeee e 2007-301586 ~ ransmitting oil pressures and an AMI control unit for con-
trolling the supply of o1l pressures 1into the o1l passages. Upon
(51) Int.Cl. detection of an engine starting operation, the AMT control
B60W 10/02 (2006.01) unit performs an initial preparatory operation in which the o1l
B60W 10/10 (2012.01) pressures are supplied 1nto the o1l passages at different tim-
F16D 25/10 (2006.01) ings so as to fill up the o1l passages with a working oil, thereby
F16D 48/06 (2006.01) completing the preparations for driving of the clutches. When
F16H 61/06 (2006.01) the o1l pressure 1s supplied 1nto the o1l passage alter a prede-
Fil6H 59/42 (2006.01) termined o1l pressure 1s generated in the oil passage, the
(52) US.CL .................... 477/175; 477/180; 192/85.63; period of time taken for a first speed gear to become usable 1s
192/48.601 shortened, whereby a swiit vehicle starting after the starting
(58) Field of Classification Search .................. 477/175, of the engine can be achieved.

477/180; 192/85.63
See application file for complete search history.

20 Claims, 4 Drawing Sheets

PUMP MASTER OIL PRESSURE Prm
CLIACTURL DILPRESSURE 612 ACTUAL OIL PRESSURE

OIL PRESSURE

Pc E==

TIME



U.S. Patent Oct. 16, 2012 Sheet 1 of 4 US 8,287,432 B2

38
16 |
TNy =
| 29
| 28
| 295
| 29
o
25~
50
[UP
VEHICLE SPEED,
ENGINE SPEED,

GEAR POSITION

T AMT 18
FI1G.1 | CONTROL ':———-
_UNIT




U.S. Patent Oct. 16, 2012 Sheet 2 of 4 US 8,287,432 B2

FI1G.2



U.S. Patent Oct. 16, 2012 Sheet 3 of 4 US 8,287,432 B2

OILP
REO9URE CL2 TARGET OIL PRESSURE
CL1 TARGET OIL PRESSURE
Pc | () E , .
/ | ,/
PREDETERMINED ) t: )
OIL PRESSURE y _ y
/f }’/

/ /

/ /

/ f

/ /

FIG.3A "
PUMP MASTER OIL PRESSURE Pm
OIL PRESSURE
WLIACTURL DILPRESSURE 615 ACTUAL OIL PRESSURE
PC
FIG.3B .
OIL PRESSURE
PUMP MASTER OIL PRESSURE P
3
' P2
PREDETERMINED P
OIL PRESSURE
0 1 2 13 TIME

F1G.4



U.S. Patent Oct. 16, 2012 Sheet 4 of 4 US 8,287,432 B2

OIL PRESSURE
CL1 & CL2 ACTUAL OIL PRESSURES
PC , ,
/ I
PREDETERMINED / :
OIL PRESSURE ) |
/ I
/ |
/ |
/ |
/ |
G A TIME
-~ OIL PRESSURE

PUMP MASTER OIL PRESSURE Pm

CL1 & CL2 TARGET OIL PRESSURES

TIME

FI1G.5B



US 8,287,432 B2

1

CLUTCH CONTROL SYSTEM FOR
TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 USC 119
to Japanese Patent Application No. 2007-301386 filed on

Nov. 21, 2007 the entire contents of which are hereby 1ncor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a clutch control system for
a transmission. More particularly, to a clutch control system
for a transmission which can appropriately perform prepara-
tions for driving a plurality of hydraulic clutches driven by o1l
pressures supplied from a hydraulic pump, at an engine start-
ing time.

2. Description of Background Art

Hitherto, there has been known a transmission which has a
hydraulic pump driven attendantly on the rotation of a crank-
shaft and 1n which connection/disconnection of a clutch 1s
controlled by an o1l pressure generated by the hydraulic
pump. In such a hydraulic type clutch, when the supply of the
o1l pressure 1s stopped attendantly on stopping of the engine,
a working o1l filling up an o1l passage for the purpose of
transmitting the o1l pressure may be lost little by little from
the o1l passage due to leakage through gaps present 1n lubri-
cated parts, leakage from hydraulic devices, or the like. At the
time of first driving the clutch by starting the engine under the
condition where the working o1l has been partly lost from the
o1l passage, even iI the oil pressure 1s supplied from the
hydraulic pump according to a clutch driving command, it
would take a little time for the o1l passage to be again filled up
with the working o1l. As a result, at the time of first driving the
clutch after the starting of the engine, an operational delay
may be generated 1n relation to the driving command.

Japanese Patent Laid-Open No. 2001-141045 discloses a
clutch control system for a transmission having a plurality of
clutches corresponding to a plurality of gear speeds, wherein
at an engine starting time, an o1l pressure generated by a
hydraulic pump 1s automatically supplied into o1l passages,
whereby the o1l passages are filled up with the working o1l
betfore a clutch driving command i1s 1ssued, and a delay in
clutch operation 1s prevented from being generated.

In the technology according to Japanese Patent Laid-Open
No. 2001-141045, however, in order to fill up the o1l passages
connected to the plurality of clutches with the working o1l, the
respective times to supply the o1l pressures into the o1l pas-
sages are computed from pipeline volume, engine speed and
o1l temperature, so that a complicated control 1s needed.

In addition, where the above-mentioned computation of
the times to supply the o1l pressures 1s not conducted and the
o1l pressures are supplied 1nto the plurality of o1l passages at
the same time, the following problem may be generated.
FIGS. 5(a) and 5(b) show graphs 1llustrating an example of
the preparations for the driving of clutches 1n a twin-clutch
type transmission having two hydraulic clutches CLL1 and
CL2. The clutches CLL1 and CL2 are so configured that they
show strokes 1n the directions for connection, attendantly on
the supply of the o1l pressures, and a predetermined o1l pres-
sure Pc 1s set at such a value that CLL1 and CL2 show suificient
strokes, to be switched into a connected state. In this example,
as preparations for driving of the clutches, the o1l passages
from which the working o1l has been partly lost are again
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filled up with the working oil, and, for this purpose, 1t 1s aimed
at generating the predetermined o1l pressure Pc at each of CL1
and CL2. In addition, a master o1l pressure Pm supplied from
a hydraulic pump 1s set so as to have a little allowance (mar-
gin) 1n relation to the predetermined o1l pressure Pc.

In this case, 11 the supplies of o1l pressures to CLL1 and CL2
are simultancously started so as to realize the target o1l pres-
sure shown 1n FIG. 5(a), a working o1l quantity, in excess of
a supply quantity such that the hydraulic pump can maintain
the master o1l pressure Pm, 1s needed instantaneously. This
results in that the master o1l pressure Pm 1s lowered, and, as
shown 1n FI1G. 5(5), actual o1l pressures generated at CLL1 and
CL2 do not conform to the target o1l pressure, and the prepa-
rations for driving of the clutches are not carried out
smoothly. In addition, although the lowering of the master o1l
pressure Pm can be prevented 11 the capacity of the hydraulic
pump 1s increased suiliciently, 1t 1s undesirable to enlarge the
hydraulic pump 1n order to secure the capacity that 1s needed
only for the preparations for driving of the clutches.

SUMMARY AND OBIJECTS OF THE
INVENTION

The present invention has been made for solving the above-
mentioned problems in the prior art. Accordingly, it 1s an
object of an embodiment of the present invention to provide a
clutch control system for a transmission which 1s capable of
appropriately performing preparations for the driving of a
plurality of clutches driven by o1l pressures supplied from a
hydraulic pump, at an engine starting time.

In order to attain the above object, according to an embodi-
ment of the present invention a clutch control system for a
transmission 1s provided having at least two hydraulic
clutches. The clutch control system includes a hydraulic
pump for supplying oil pressures for driving the hydraulic
clutches; o1l passages connected respectively to the hydraulic
clutches so as to transmit the o1l pressures; and a control unit
for controlling the supplies of said o1l pressures into said o1l
passages. Upon detection of a starting operation of an engine,
the control unit performs an 1nitial preparatory operation for
making preparations for the driving of the hydraulic clutches
by generating predetermined o1l pressures 1n the o1l passages.
The mnitial preparatory operation is carried out by supplying
the o1l pressures 1nto the o1l passages at different timings.

In addition, according to an embodiment of the present
invention the hydraulic clutches include two hydraulic
clutches, one on one side and one on the other side.

In addition, according to an embodiment of the present
invention the control umt, upon detection of the starting
operation of the engine, starts supplying an o1l pressure into
the o1l passage on one side, and starts supplying an o1l pres-
sure into the o1l passage on the other side after the predeter-
mined o1l pressure 1s generated 1n the o1l passage on one side.

Further, according to an embodiment of the present inven-
tion the transmission has a plurality of gear pairs between a
main shaft and a counter shaft; the clutch on one side and the
clutch on the other side are disposed on the main shaft and are
operative to make and break transmission of a rotational
driving force between the engine and the transmission. The
main shait includes an inner pipe for supporting odd-ordinal
speed gears, and an outer pipe for supporting even-ordinal
speed gears; the clutch on one side makes and breaks trans-

mission of the rotational driving force to the inner pipe; and
the clutch on the other side makes and breaks transmission of

the rotational driving force to the outer pipe.
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In addition, according to an embodiment of the present
invention the clutch on one side supports at least a first speed
gear serving as a lowest speed gear.

According to an embodiment of the present invention, a
pipeline 1s connected to the hydraulic pump and a valve 1s
connected to the o1l passage on one side and the o1l passage on
the other side. The valve 1s so configured that the destination
of the supply of the o1l pressure generated 1n the hydraulic
pump 1s changed over between the hydraulic pump and the o1l
passage on one side or the other side, based on a command
from the control unait.

Furthermore, according to an embodiment of the present
invention the detection of the starting operation of the engine
1s carried out by detecting that the rotating speed of the engine
has exceeded a predetermined value.

According to an embodiment of the present invention,
upon detection of the starting operation of the engine the
control unit performs the mnitial preparatory operation for
making preparations for the driving of the hydraulic clutches
by generating predetermined o1l pressures 1n the o1l passages,
and the 1nitial preparatory operation 1s carried out by supply-
ing the o1l pressures 1nto the o1l passages at different timings.
Theretore, the situation where the o1l pressures are supplied
into the o1l passages at the same timing and an o1l quantity 1n
excess of the capacity of the hydraulic pump 1s needed 1s
obviated in performing the 1nitial preparatory operation, and
the 1mitial preparatory operation for the clutches can be car-
ried out smoothly. This makes it possible to prevent an opera-
tional delay 1n relation to a first clutch driving command after
the starting of the engine, and to enhance the response in
regard of mitial operations of the clutches. In addition, since
it 1s unnecessary to supply the o1l passages with the o1l pres-
sures at the same timing, the capacity of the hydraulic pump
can be suppressed to a low level, and a smaller-sized trans-
mission can be contrived. Further, by arbitrarily selecting the
sequence 1n which the o1l pressures are supplied at the time of
the nitial preparatory operation, the preparation for driving,
of an arbitrary one of the clutches can be started earlier than
that of the other clutch.

According to an embodiment of the present imnvention, the
hydraulic clutches include the two clutches consisting of the
clutch on one side and the clutch on the other side. Therefore,
in the twin-clutch type transmission having the clutch on one
side and the clutch on the other side, the initial preparatory
operation for the hydraulic clutches can be carried out appro-
priately.

According to an embodiment of the present invention, the
control unit, upon detection of the starting operation of the
engine, starts supplying an o1l pressure into the o1l passage on
one side, and starts supplying an oil pressure into the oil
passage on the other side aiter the predetermined o1l pressure
1s generated 1n the o1l passage on one side. Therefore, the
preparation for the driving of the clutch on one side can be
completed earlier, as compared with the case where both the
clutches are supplied with the predetermined o1l pressures at
the same time. In addition, since the preparation for driving of
the clutch on the other side 1s started after the preparation for
driving of the clutch on one side 1s completed, the clutch on
one side can be driven before the preparation for the driving of
the clutch on the other side 1s completed.

According to an embodiment of the present invention, the
transmission has a plurality of gear pairs between a main shaft
and a counter shatt; the clutch on one side and the clutch on
the other side are disposed on the main shait and are operative
to make and break the transmission of a rotational driving,
force between the engine and the transmission. The main
shaft includes an inner pipe for supporting odd-ordinal speed
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gears, and an outer pipe for supporting even-ordinal speed
gears. The clutch on one side makes and breaks transmission
of the rotational driving force to the inner pipe and the clutch
on the other side makes and breaks the transmission of the
rotational driving force to the outer pipe. Therefore, 1n the
twin-clutch type transmission in which the clutch on one side
1s 1n charge of odd-ordinal gear speeds and the clutch on the
other side 1s 1n charge of even-ordinal gear speeds, the prepa-
ration for driving of the clutch on one side 1s completed early.
This makes 1t possible to shorten the period of time necessary
for the first speed gear, which 1s highly possibly used first
aiter the starting of the engine, to be made usable.

According to an embodiment of the present invention, the
clutch on one side supports at least a first speed gear serving
as a lowest speed gear. Therefore, the period of time necessary
for the lowest speed gear, which 1s highly frequently used at
the time of vehicle starting, to be made usable 1s shortened,
and a speedy vehicle starting after the starting of the engine
can be achieved.

According to an embodiment of the present invention, a
pipeline 1s connected to the hydraulic pump and a valve 1s
connected to the o1l passage on one side and the o1l passage on
the other side. The valve 1s so configured that the destination
of supply of the o1l pressure generated in the hydraulic pump
1s changed over between the hydraulic pump and the oil
passage on one side or the other side, based on a command
from the control unit. Therefore, 1n the transmission of the
system 1n which the destination of supply of the o1l pressure
1s selectively changed over between two clutches, the 1nitial
preparatory operation for the clutches can be carried out
smoothly.

According to an embodiment of the present invention, the
detection of the starting operation of the engine 1s carried out
by detecting that the rotating speed of the engine has
exceeded a predetermined value. Therefore, 1n the transmis-
sion 1n which the hydraulic pump 1s driven by a rotational
driving force of the crankshatt, the iitial preparatory opera-
tion for the clutches can be started after the supply of the o1l
pressure 1s started.

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, 1t should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration
only, since various changes and modifications within the

spirit and scope of the ivention will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limitative of the present invention,
and wherein:

FIG. 1 1s a system block diagram of an automatic/manual
transmission applied to a motorcycle, and peripheral devices
therefor, according to an embodiment of the present mven-
tion;

FIG. 2 1s an enlarged view of a part of FIG. 1, showing a
configuration of the periphery of an o1l pressure supplying
part,

FIGS. 3(a) and 3(b) show graphs illustrating o1l pressure
supplying methods for an imitial preparatory operation
according to an embodiment of the present invention;
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FIG. 4 shows a graph 1llustrating an o1l pressure supplying
method for the mitial preparatory operation according to a

modified example of the configuration of the present mven-
tion; and

FIGS. 5(a) and 5(b) show graphs 1llustrating o1l pressure
variations 1n the case where o1l pressures are supplied to CLL1
and CL2 at the same time.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, a preferred embodiment of the present invention will
be described below, referring to the drawings. FIG. 1 1s a
system block diagram of an automatic/manual transmission
(hereinatter referred to as AMT) as an automatic transmission
applied to a motorcycle and peripheral devices for the trans-
mission. The AMT 16 connected to an engine 11 15 con-
trolledly driven by a clutch hydraulic system 17 and an AMT
control unit 18 as a transmission controller. The engine 11 has
a throttle-by-wire type throttle body 19, and the throttle body
19 1s provided with a motor 20 for opening and closing the
throttle.

The AMT 16 includes transmission gears 21 for a multi-
plicity of gear speeds, a first clutch 22, a second clutch 23, a
shift drum 24, and a shiit control motor 25 for turming the shift
drum 24. A multiplicity of gears constituting the transmission
gears 21 are respectively connected to or loosely fitted over a
main shait 26, a counter shait 27, and a transmission gear
output shait 28. The main shait 26«4 includes an inner main
shait 26a and an outer main shaft 265. The inner main shaft
26a 1s connected to the first clutch 22, while the outer main
shait 265 1s connected to the second clutch 23. The main shaft
26 and the counter shait 27 are provided with clutches (not
shown) capable of being displaced 1n the axial directions of
the main shaft 26 and the counter shait 27, and end parts of
shift forks 29 are engaged respectively with the clutches and
a camshatt (not shown) formed on the shift drum 24.

To an output shatt of the engine 11, 1.e., a crankshatt 30, a
primary drive gear 31 1s connected, and the primary drive gear
31 i1s meshed with a primary driven gear 32. The primary
driven gear 32 1s connected to the inner main shaft 26a
through the first clutch 22, and connected to the outer main
shaft 265 through the second clutch 23.

A counter shait output gear 33 connected to the counter
shaft 27 1s meshed with an output driven gear 34 connected to
the transmission gear output shaft 28. A drive sprocket 35 1s
connected to the transmission gear output shaft 28, and a
driving force 1s transmitted to a rear wheel, serving as a drive
wheel, through a drive chain (not shown) wrapped around the
drive sprocket 35. In addition, the AMT 16 1s provided therein
with an engine speed sensor 36 disposed opposite to the
periphery of the primary driven gear 32, and with a gear
position sensor 38 for detecting the current gear position on
the basis of the rotational position of the shift drum 24. In
addition, the throttle body 19 1s provided with a throttle sen-
sor 47 for outputting a throttle position signal.

The clutch hydraulic system 17 includes an o1l tank 39, and
a pipeline 40 for feeding o1l 1n the o1l tank 39 to the first clutch
22 and the second clutch 23. A hydraulic pump 41 and a valve
42 are provided on the pipeline 40, and a regulator 44 1s
disposed on a return pipeline 43 connected to the pipeline 40.
The valve 42 1s so structured as to be able to individually exert
o1l pressures on the first clutch 22 and on the second clutch 23.
In addition, the valve 42 1s also provided with o1l return
pipelines 45.

A mode switch 49 for switching between an automatic
transmission (Al) mode and a manual transmission (MT)
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mode and a shiit selection switch 50 for commanding a shift-
up (UP) or a shift-down (DN) are connected to the AMT
control unit 18. The AMT control unit 18 has a microcom-
puter (CPU), and 1s configured so as to be able to control the
valve 42 and the shift control motor 25 according to output
signals from various sensors and switches, and be able to
change over the gear position 1n the AMT 16 automatically or
semi-automatically.

When an AT mode i1s selected, the AMT control unit 18
automatically changes over the transmission gears 21 accord-
ing to such data as vehicle speed, engine speed, throttle posi-
tion, etc. On the other hand, when an MT mode 1s selected, the
AMT control unit 18 shifts up or shifts down the transmission
gears 21 attendantly on a shift operation of the selection
switch 50. In addition, even when the MT mode 1s selected,
such a setting can be made so as to carry out an auxiliary
automatic transmission control for preventing over-rotation
or stall of the engine from occurring.

In the clutch hydraulic system 17, o1l pressure 1s exerted on
the valve 42 by the hydraulic pump 41, and the o1l pressure 1s
controlled by the regulator 44 so as not to exceed an upper
limit. When the valve 42 1s opened by a command from the
AMT control unit 18, the o1l pressure 1s applied to the first
clutch 22 or the second clutch 23, and the primary driven gear
32 1s connected to the mner main shatt 264 or the outer main
shaft 265 through the first clutch 22 or the second clutch 23.
When the valve 42 i1s closed and the application of the o1l
pressure 1s stopped, the first clutch 22 and the second clutch
23 are urged by return springs (not shown) incorporated
therein in such directions that the clutches are disconnected
from the 1nner main shaft 26a and the outer main shatit 2654.

The shift control motor 25 turns the shift drum 24 accord-
ing to a command from the AMT control unit 18. When the
shift drum 24 1s turned, the shift forks 29 are displaced 1n the
axial direction of the shift drum 24 according to the shapes of
the cam grooves formed 1n the outer periphery of the shift
drum 24, to move the clutches, whereby the meshing between
the gears on the counter shait 27 and the main shait 26 1s
changed, and the transmission gears 21 are shifted up or
down.

FIG. 2 1s an enlarged view of a part ol FIG. 1, showing the
configuration in the periphery of an o1l pressure supplying
part. The same reference symbols as used above denote parts
which are the same as or equivalent to those shown above.
During an engine operation, a master o1l pressure Pm regu-
lated by the regulator 44 (see FIG. 1) 1s generated 1n the
hydraulic pump 41, and the master o1l pressure Pm 1s supplied
through the pipeline 40 to the valve 42. The valve 42 1s
composed of a first pressure control valve 42a for controlling
the supply of an o1l pressure to the first clutch 22, and a second
pressure control valve 425 for controlling the supply of an o1l
pressure to the second clutch 23. Both the pressure control
valves 42a and 425 are opened by driving commands sent
from the AMT control unit 18. When the first pressure control
valve 42a 1s driven and the master o1l pressure Pm 1s supplied
into an o1l passage 52, the first clutch 22 1s driven and
switched 1nto a connected state. On the other hand, when the
second pressure control valve 425 1s driven and the master o1l
pressure Pm 1s supplied into an o1l passage 53, the second
clutch 23 1s switched into a connected state. In addition, the
operation of the valve 42 according to this embodiment
includes three patterns, namely, a pattern 1n which the first
pressure control valve 42a 1s energized so as to supply the o1l
pressure mto the o1l passage 52, a pattern 1n which the second
pressure control valve 42b 1s energized so as to supply the o1l
pressure 1nto the o1l passage 53, and a pattern 1n which ener-
gization of both the pressure control valves 42a and 425 1s




US 8,287,432 B2

7

stopped so as to stop the supply of the o1l pressure. In the
condition where the supply of the o1l pressure 1s stopped, the
first clutch 22 and the second clutch 23 are both disconnected,
resulting 1n a neutral condition where the rotational driving
force of the engine 1s not transmitted.

The AMT 16 according to this embodiment 1s so config-
ured that the mner main shatt 26a (see FIG. 1) connected to
the first clutch 22 supports odd-ordinal speed gears (first, 3rd,
and 5th speed gears), while the outer main shaft 265 (see FI1G.
1) connected to the second clutch 23 support even-ordinal
speed gears (2nd, and 4th speed gears). For example, when
the vehicle 1s operating with an odd-ordinal speed gear
selected, the supply of the o1l pressure to the first clutch 22 1s
continued and the first clutch 22 is thereby kept 1n the con-
nected state. When shift changes are sequentially carried out,
the connected/disconnected states of the first clutch 22 and
the second clutch 23 are changed over alternately.

The o1l passages 52 and 53 are always filled with a working
o1l during the engine operation. Therefore, the master oil
pressure Pm 1n the hydraulic pump 41 can be instantaneously
transmitted to the first clutch 22 and the second clutch 23
according to a control of the driving of the valve 42. However,
the working o1l filling the o1l passages 52 and 53 1s used for
lubrication between the inner main shaft 26a and the outer
main shaft 265 (see FIG. 1) slid and rotated relative to each
other and, simultaneously, circulated through various parts of
the engine. Therefore, when the supply of the o1l pressure
from the hydraulic pump 41 1s stopped attendant on the stop-
ping of the engine, the working o1l filling up the o1l passages
52 and 33 for the purpose of transmitting the o1l pressure 1s
lost little by little from the o1l passages due to leakage through
gaps present in lubricated parts, leakage from hydraulic
devices, or the like, with the lapse of time.

When the engine 11 1s started from the condition where the
working o1l has slightly escaped from any of the o1l passages
52 and 33, even 11 the master o1l pressure Pm 1s supplied from
the hydraulic pump 41 according to a first clutch driving
command, 1t takes a little time for the o1l passages to be again
filled up with the working o1l, so that there 1s a possibility of
a delay 1n the clutch operation. In order to obviate the delay 1in
the clutch operation, 1t suflices to perform a preparation for
driving wherein the o1l pressure 1s supplied so as to fill up the
o1l passages 52 and 53 with the working o1l before the first
clutch driving command 1s 1ssued. In the clutch control sys-
tem for a transmission according to the present invention, 1t 1s
a characteristic feature that, corresponding to the presence of
the two hydraulic clutches consisting of the first clutch 22 on
one side and the second clutch 23 on the other side, o1l
pressures are supplied to the o1l passages 52 and 33 at differ-
ent timings, 1n performing an 1nitial preparatory operation for
preparing for the driving of the clutches.

FIGS. 3(a) and 3(b) show graphs 1llustrating o1l pressure
supplying methods for the mitial preparatory operation
according to an embodiment of the present mvention. FIG.
3(a) shows target o1l pressures for the first clutch 22 (herein-
after reterred to as CLL1) and the second clutch 23 (hereinatter
referred to as CL2) 1n the mitial preparatory operation. FIG.
3(b) shows actual o1l pressures actually generated in CL1 and
CL2.

In this embodiment, a predetermined o1l pressure Pc 1s set
at such a pressure that CLL1 and CL2 show suflicient strokes
and are securely switched into the connected state. In addi-
tion, since the AMT 16 according to this embodiment 1s so
configured that CL1 supports the odd-ordinal speed gears and
CL2 supports the even-ordinal speed gears, there 1s no pos-
s1ibility that the two clutches might be simultaneously put into
the connected state during normal operation of the vehicle.
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Therefore, it suflices for the master o1l pressure Pm 1n the
hydraulic pump 41 to be able to securely drive one of the two
clutches. Thus, the master o1l pressure Pm 1s set at a value
with some allowance 1n relation to the predetermined o1l
pressure Pc.

When the o1l pressures in CLL1 and CL2, or the o1l pressures
in the o1l passages 52 and 53, have reached the predetermined
o1l pressure Pc, 1t can be judged that the o1l passages have
again been filled up with the working oil. In the example
shown 1n FIG. 3(b), when the engine starting operation 1s
detected, the AMT control unit 18 first drives the valve 42 so
as to start the supply of an o1l pressure to CL1, and cause CL1
to reach the predetermined o1l pressure Pc, thereby complet-
ing the preparation for driving of CL1. Next, CL2 1s caused to
reach the predetermined o1l pressure Pc, thereby completing
the preparation for driving of CL2. By this, the initial prepa-
ratory operation for the two clutches CLL1 and CL2 1s com-
pleted.

As above-mentioned, according to the o1l pressure supply-
ing method 1n this embodiment, the initial preparatory opera-
tion 1s carried out by supplying the o1l pressures to CL1 and
CL2, namely, into the o1l passages 52 and 33 at different
timings. This makes 1t possible to generate the actual o1l
pressures conforming to the target o1l pressures at CL1 and
CL2, eveninthe case of a transmission such that the master o1l
pressure Pm would be lowered 11 the o1l pressures are simul-
taneously supplied to CL1 and CL2. Consequently, the prepa-
ration for driving of the clutches can be smoothly carried out.

In addition, since the AMT 16 according to this embodi-
ment 1s so configured that CL1 1s 1n charge of the odd-ordinal
gear speeds while CL2 1s in charge of the even-ordinal gear
speeds, when the preparation for driving of CL1 1s completed
carlier, 1t 1s possible to shorten the time necessary for the first
speed gear (lowest speed gear), which 1s highly possibly used
at the time of vehicle starting after the starting of the engine,
to become usable, and to achieve a swilt vehicle starting after
the starting of the engine. In addition, the duration of the
supply of the o1l pressures to CL1 and CL2 by the AMT
control unit 18 can be set according to the lapse of time (for
example, 0.5 sec) from the start of driving of the valve 42,
instead of judging whether or not the o1l pressures at CL1 and
CL2 have actually reached the predetermined o1l pressure Pc.

FIG. 4 1s a graph 1llustrating an o1l pressure supplying
method for the initial preparatory operation according to a
modified example of the embodiment of the present inven-
tion. The same reference symbols as used above denote parts
the same as or equivalent to those shown above. In this modi-
fied example, also, an o1l pressure 1s supplied to CL1 earlier as
an 1mitial preparatory operation, and thereaiter an o1l pressure
1s supplied to CL2, in the same manner as in the above-
described embodiment. This modified example 1s character-
ized 1n that the supply of the o1l pressure to CL1 1s started at
time t1, and the supply of the o1l pressure to CL2 1s started
simultaneously when the o1l pressure P1 at CL1 reaches the
predetermined o1l pressure Pc at time t2. Therelore, the prepa-
ration for driving of CL1 1s completed, and the first speed gear
1s thereby made selectable, at time t2, and then the preparation
for driving of CL2 1s completed at time t3. Consequently, the
initial preparatory operation for CLL1 and CL2 1s completed 1n
a minimized period of time.

As has been described above, according to the clutch con-
trol system for a transmission based on the present invention,
upon detection of an engine starting operation, oil pressures
are supplied to at least two different timings into o1l passages
arranged for supplying o1l pressures to hydraulic clutches.
Therefore, the situation 1n which o1l pressures are supplied
into the o1l passages at the same timing and hence an o1l
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quantity in excess of the capacity of a hydraulic pump 1s
demanded can be obviated, and an 1nitial preparatory opera-
tion for the clutches can be smoothly carried out. This makes
it possible to prevent an operational delay with respect to a
first clutch driving command after engine starting, and to
enhance the response 1n regard of an 1nitial clutch operation.
In addition, since there 1s no need to supply o1l pressures into
the o1l passages at the same timing, the capacity of the hydrau-
lic pump can be suppressed to alow level, and a smaller-sized
transmission can be contrived.

In addition, the configurations of the transmission, the
hydraulic pump and the valve, the relation between the master
o1l pressure of the hydraulic pump and the predetermined o1l
pressure, the times to supply the o1l pressures to the clutches
in the mitial preparatory operation, the sequence in which the
o1l pressures are supplied to the plurality of clutches, etc. are
not limited to those 1n the above-described embodiment, and
may be modified variously. For example, 1n the case where
three hydraulic clutches are provided, the sequence 1n which
o1l pressures are supplied to the plurality of clutches may be
arbitrarily set, for instance, the o1l pressure 1s supplied to one
clutch earlier, and thereafter the o1l pressures are supplied to
the other two clutches at the same timing.

The invention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
imnvention, and all such modifications as would be obvious to
one skilled 1n the art are intended to be included within the
scope of the following claims.

What 1s claimed 1s:

1. A clutch control system for a transmission having at least
two hydraulic clutches, said clutch control system compris-
ng:

a hydraulic pump for supplying oil pressures for driving

said hydraulic clutches;

o1l passages connected respectively to said hydraulic

clutches for transmitting said o1l pressures; and

a control unit for controlling the supplies of o1l pressures

into said o1l passages;

an engine speed sensor for detecting an engine starting

operation and communicating the engine starting opera-
tion signal to the control unit,

wherein after receiving the engine starting operation signal

and prior to driving said hydraulic clutches, said control
umt 1s configured to perform an mitial preparatory
operation for making preparations for driving said
hydraulic clutches by generating a predetermined o1l
pressure (Pc) in each of said o1l passages; and

said 1nitial preparatory operation 1s carried out by supply-

ing said predetermined o1l pressures (Pc) into each of
said o1l passages at different timings, one aiter the other,
and prior to driving said hydraulic clutches.

2. The clutch control system for the transmission as set
forth 1n claim 1, wherein said hydraulic clutches include two
hydraulic clutches, one on one side and one on the other side.

3. The clutch control system for the transmission as set
forth in claim 2, wherein after receiving the engine starting
operation signal from the engine speed sensor and prior to
driving said hydraulic clutches, said control unit starts sup-
plying an o1l pressure 1nto said o1l passage on one side, and
starts supplying an o1l pressure 1nto said o1l passage on the
other side after said predetermined o1l pressure (Pc) 1s gen-
erated 1n said o1l passage on the one side.

4. The clutch control system for the transmission as set
forth in claim 2, wherein:

said transmission has a plurality of gear pairs between a

main shaft and a counter shatt;
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said clutch on the one side and said clutch on the other side
are disposed on said main shaft and are operative to
permit and to prevent the transmission of a rotational
driving force between said engine and said transmission;

said main shatit includes an inner pipe for supporting odd-
ordinal speed gears, and an outer pipe for supporting
even-ordinal speed gears;

said clutch on the one side permits and prevents the trans-
mission of said rotational driving force to said inner
pipe; and

said clutch on the other side permits and prevents the trans-
mission ol said rotational driving force to said outer

pipe.

5. The clutch control system for the transmission as set
forth in claim 3, wherein:

said transmission has a plurality of gear pairs between a

main shaft and a counter shatt;
said clutch on the one side and said clutch on the other side
are disposed on said main shaft and are operative to
permit and to prevent the transmission of a rotational
driving force between said engine and said transmission;

said main shaft includes an inner pipe for supporting odd-
ordinal speed gears, and an outer pipe for supporting
even-ordinal speed gears;

said clutch on the one side permits and prevents the trans-

mission ol said rotational driving force to said inner
pipe; and

said clutch on the other side permits and prevents the trans-

mission of said rotational driving force to said outer
pipe.
6. The clutch control system for the transmission as set
forth in claim 4, wherein said clutch on the one side supports
at least a first speed gear serving as a lowest speed gear.
7. The clutch control system for the transmission as set
forth in claim 5, wherein said clutch on the one side supports
at least a first speed gear serving as a lowest speed gear.
8. The clutch control system for the transmission as set
forth in claim 3, wherein:
a pipeline 1s connected to said hydraulic pump and a valve
1s connected to said o1l passage on the one side and said
o1l passage on the other side; and

said valve 1s so configured that a destination of supply of
the o1l pressure generated in said hydraulic pump 1is
changed over between said hydraulic pump and said o1l
passage on one side or the other side, based on a com-
mand from said control unait.
9. The clutch control system for the transmission as set
forth in claim 4, wherein:
a pipeline 1s connected to said hydraulic pump and a valve
1s connected to said o1l passage on the one side and said
o1l passage on the other side; and

said valve 1s so configured that a destination of supply of
the o1l pressure generated in said hydraulic pump 1is
changed over between said hydraulic pump and said o1l
passage on one side or the other side, based on a com-
mand from said control unait.

10. The clutch control system for the transmission as set
forth 1n claim 8, further comprising:

a regulator disposed on a return pipeline connected to the

pipeline,

wherein the valve 1s so structured as to be able to individu-

ally exert o1l pressures on each of the hydraulic clutches,
and the valve 1s provided with a pair of o1l return pipe-
lines.

11. The clutch control system for the transmission as set
forth in claim 1, wherein said engine speed sensor detects said
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engine starting operation by detecting that a rotating speed of
said engine has exceeded a predetermined value.

12. The clutch control system for the transmission as set
forth in claim 2, wherein said engine speed sensor detects said
engine starting operation by detecting that a rotating speed of
said engine has exceeded a predetermined value.

13. The clutch control system for the transmission as set
forth 1n claim 3, wherein said engine speed sensor detects said
starting operation of said engine 1s carried out by detecting
that a rotating speed of said engine has exceeded a predeter-
mined value.

14. The clutch control system for the transmission as set
torth in claim 4, wherein said engine speed sensor detects said
engine starting operation by detecting that a rotating speed of
said engine has exceeded a predetermined value.

15. The clutch control system for the transmission as set
torth in claim 6, wherein said engine speed sensor detects said
engine starting operation by detecting that a rotating speed of
said engine has exceeded a predetermined value.

16. The clutch control system for the transmission as set
torth in claim 8, wherein said engine speed sensor detects said
engine starting operation by detecting that a rotating speed of
said engine has exceeded a predetermined value.

17. A clutch control system for a transmission comprising:

a first hydraulic clutch;

a second hydraulic clutch;

a hydraulic pump operatively connected to said first and
second hydraulic clutches for supplying o1l pressure for
driving said first and second hydraulic clutches;

a first o1l passage operatively connected between said
hydraulic pump and said first hydraulic clutch for trans-
mitting said o1l pressure thereto;

a second o1l passage operatively connected between said
hydraulic pump and said second hydraulic clutch for
transmitting said o1l pressure thereto:

a control unit for controlling the supplies of o1l pressures
into said first and second o1l passages;

an engine speed sensor for detecting an engine starting
operation and communicating the engine starting opera-
tion signal to the control unit;
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wherein upon detection of the engine starting operation
and prior to driving said hydraulic clutches, said control
unit 1s configured to perform an initial preparatory
operation for making preparations for drniving said
hydraulic clutches by generating a predetermined o1l
pressure (Pc) in each said first and second o1l passages;
and

said 1nitial preparatory operation 1s carried out by supply-

ing predetermined o1l pressures (Pc) into each of said
first and second o1l passages at different timings, one
after the other, prior to driving said hydraulic clutches.

18. The clutch control system for the transmission as set
forth in claim 17, wherein said first and second hydraulic
clutches are provided one on one side and one on the other
side.

19. The clutch control system for the transmission as set
forth 1n claim 18, wherein after receiving the engine starting
operation signal from the engine speed sensor and prior to
driving said hydraulic clutches, said control unit starts sup-
plying an o1l pressure 1nto said first o1l passage on one side,
and starts supplying an o1l pressure 1nto said second o1l pas-
sage on the other side after said predetermined o1l pressure
(Pc) 1s generated 1n said first o1l passage on the one side.

20. The clutch control system for the transmission as set
forth in claim 18, wherein:

said transmission has a plurality of gear pairs between a

main shaft and a counter shaft;

said first hydraulic clutch on the one side and said second

hydraulic clutch on the other side are disposed on said
main shait and are operative to permit and to prevent the
transmission of a rotational driving force between said
engine and said transmission;

said main shaft includes an inner pipe for supporting odd-

ordinal speed gears, and an outer pipe for supporting
even-ordinal speed gears;

said first hydraulic clutch on the one side permits and

prevents the transmission of said rotational driving force
to said inner pipe; and

said second hydraulic clutch on the other side permits and

prevents the transmission of said rotational driving force
to said outer pipe.
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